ABSTRACT
INTRODUCTION
Although congenital kyphosis is rare, if left untreated, it will progress and lead to paraplegia [1] [2] [3] . Paralysis occurs most commonly during the pubertal growth spurt. Therefore, to halt the progression of congenital kyphosis, surgery is the primary treatment [4] . Depending on the degree of correction required to re-establish sagittal balance, the current literature supports the use of three procedures: Smith-Peterson osteotomy (SPO) [5] , pedicle subtraction osteotomy (PSO) [6] [7] [8] [9] and vertebral column resection (VCR) [10] . The SPO offers approximately 10° of lordotic correction per level and is most often performed in thoracic kyphotic deformities because the cord is not directly manipulated [7] . On average the PSO offers 25° and 35° of lordotic correction in the thoracic and lumbar spine, respectively [6, 7, 11] . VCR involves the removal of the entire vertebra and is reserved for patients with severe spinal deformities that require greater than 50% coronal or sagittal plane correction [7, 10] . However, because of the increased risk to the spinal cord and associated procedural morbidity, PSO and VCR in the thoracic spine are sparingly performed. For a successful outcome, spinal deformity correction requires highly skilled surgical teams, careful surgical planning, and the judicious use of some form of spinal cord monitoring to avoid spinal cord-related morbidity. This report presents a child with focal congenital kyphosis and gait abnormality. To halt the natural history of the disease and prevent further neurological dysfunction, PSO, and posterolateral fusion was performed. The case presentation, radiological findings, surgical technique, and postoperative outcomes are presented.
METHODS
A detailed history and physical examination were performed along with careful review of the patient's medical records. Radiographic studies were also reviewed. Pedicle subtraction osteotomy at T11 was performed along with T9 through L1 instrumented posterolateral fusion.
REPORT OF A CASE
A 10-year-old girl with pain and gait difficulty presented to the spine ward at Mulago Hospital in Uganda. She was evaluated by a team of visiting surgeons. During physical examination, a sharp gibbous-type kyphotic curvature was noted. Tenderness and bilateral muscle spasm were noted during examination. Neurological examination revealed difficulty with balance and irregular gait rhythm. Case report-Thoracic pedicle subtraction osteotomy in a pediatric patient: a case report Clonus and radiculopathy were not present. Plain x-ray of the thoracolumbar spine revealed hyperkyphosis and failure of anterior wall segmentation between T10 and T11 vertebral bodies (Fig 1) . Segmental sagittal Cobb angle measured 65°. Magnetic resonance imaging was not available. Due to the patient's symptoms and the degree of correction required, we recommended to the caregivers (she was an orphan) that she undergoes a PSO at T11 along with T9 to L1 posterolateral instrumentation.
The surgical equipment and supplies in Uganda are rudimentary and limited. Following the induction of general anesthesia, the patient was positioned prone on a Hall Relton spine frame. Spinal cord monitoring and cell saver autotransfusion, routinely used in developed countries, were not available. Since intraoperative imaging was not available, the incision was carefully delineated by identification of anatomical landmarks, namely rib counting and Macnab's triangle (intersection of 12th rib and transverse process of L1). After a midline incision, thorough subperiosteal dissection was carried out to expose the posterior elements of T9 through L1. To minimize bleeding, epinephrine-soaked gauzes were used to pack the dissected paraspinal muscles. Following exposure, posterior column ligament and facet releases were performed. After subperiosteal dissection, the medial aspect of the T11 rib was removed. Next, the dissection was extended around the lateral aspect of the cranial and caudal pedicles and T11 vertebral body, while protecting the soft tissues with malleable retractors.
Prior to performing osteotomy, pedicle screws were placed at T9, T10, T12, and L1 with a temporary stabilizing rod on the right to prevent subluxation and potential cord injury. A wide central laminectomy was then performed at T11 along with partial resection of the spinous processes and laminotomies of adjacent levels to provide adequate room for the redundant dura once the osteotomy is closed. Epidural and osseous bleeding were controlled with gelfoam (Pfizer, New York, NY) and bone wax, respectively. The pedicles of T11 were circumferentially exposed to allow for transpedicular "eggshell" decancellization (Fig 2) . This was followed with T10/T11 discectomy, lateral wall osteotomy, pedicle resection, and collapse of posterior cortex. Lordotic correction was applied over the temporary rod, followed by placement of the permanent left rod. The temporary rod was exchanged for a permanent right rod. Final compression with visible correction of the vertebral column occurred. Bone graft was then placed in the posterolateral gutters along T9 through L1. The exposed dura was covered with a piece of gelfoam (Pfizer, New York, NY). There were no complications related to the placement of hardware and the estimated blood loss was 450 cc.
At a most recent follow-up, the patient was neurologically intact. There was a significant improvement in her posture (Fig 3) . Postoperative plain x-rays also show a significant improvement in a sagittal alignment with a Cobb's angle measurement of 18° (Fig 4) . 
DISCUSSION
Congenital kyphosis is less common than congenital scoliosis. In the United States, it is the most frequent cause of paraplegia due to spinal deformity [1, 2, 12] . Since bracing has been shown to be ineffective, the primary treatment for congenital kyphosis is surgery [1] [2] [3] . The main goal of surgery is to prevent progression and possible neurological complications caused by spinal cord compression. Particularly important for successful surgical outcome is the choice of surgical procedure for the specific deformity correction. There is more than one surgical option available and the one selected is often dictated by the experience of the surgeon, the age of the patient, the magnitude of the deformity, and the patient's neurological symptoms. . This creates a better environment for fusion. Additionally, the spinal column is effectively shortened which minimizes the risk of compression and stretch injury to the cord.
The performance of PSO procedures for thoracic kyphosis in children is far less frequently reported than for the lumbar spine [18] . Furthermore, to our knowledge, the performance of this procedure in a developing country has not been documented before. In part, this is due to the lack of the necessary surgical equipment, medical supplies, and skilled personnel needed to consistently have safe outcomes. In our case, there were no intraoperative imaging devices available to assist with localization. Advanced imagings, such as MRI and CT 3-D reconstruction, were not available to assess for epidural and intradural pathology and assist with preoperative planning. Although we do not advocate the widespread use of PSO procedures under these conditions, this case report demonstrates that it can be done safely with an excellent outcome. The alternative for this patient was nonsurgical management which has been shown to have a poor outcome manifested by progressive myelopathy [1] [2] [3] .
This case report describes the successful execution of a PSO procedure on a 10-year-old girl in Uganda with myelopathic symptoms caused by congenital kyphosis. To our knowledge this is one of a few reports of thoracic PSO in a patient younger than 10 years and certainly the first report of such a procedure performed in a developing country. 
